Objectives: Inflammation makes an influence on autonomic nervous system and a change in autonomic nervous activity affects heart rate. Heart rate variability (HRV) test can quantify the autonomous nervous activity. In this study, we evaluated the meaning of heart rate variability in sepsis patients. Methods: Heart rate variability test was performed for sepsis patients and healthy volunteers. Normalised low frequency power, reflecting sympathetic activity, was compared to acute physiology and chronic health evaluation II (APACHE II) score and mortality in emergency department sepsis (MEDS) score in sepsis patients. Then the patients were divided into four groups: 1) severe sepsis patients, 2) sepsis patients admitted to general ward, 3) sepsis patients discharged within 24 hours and 4) healthy volunteers. We obtained averages for the HRV results in all four groups. The receiver operating characteristics curve was examined to determine whether or not HRV variables could be used to triage sepsis patients. Results: Correlations between normalised low frequency power (LFnu) with APACHE II score and MEDS score were -0.595 and -0.514, respectively. Low frequency power (LF) and LFnu values decreased in sepsis patients with the higher scores observed in the discharged sepsis patients and healthy volunteers. The areas under the curve for the values of LF and LFnu in the admission and discharge groups were 0.746 and 0.635, respectively (p<0.05). Conclusion: Variables related to heart rate variability are significantly correlated with the severity of sepsis patients. Although the HRV test alone cannot accurately predict the disposition of sepsis patients, in the emergency room setting it helps to assign beds to sepsis patients within the triage system, and avoid over-population. (Hong Kong
Introduction
Heart rate variability (HRV) is often confused with arrhythmia or heart rate. The accurate definition of HRV is variation in the intervals between heartbeats during a normal physiologic response. In other words, HRV represents the delicate beat-to-beat fluctuations of a rapidly reacting cardiovascular system. In 1981, Akselrod et al introduced power spectral analysis of heart rate fluctuations to quantitatively evaluate beat-to-beat cardiovascular control. 1 The HRV measurements in power spectral analysis include total power (TP), high frequency power (HF), low frequency power (LF), and very low frequency power (VLF). Although there are some differences among results from previous studies, LF component has been proposed to be an indicator of sympathetic activity and HF component to be an indicator of parasympathetic activity. [2] [3] [4] A febrile patient has a variable clinical course, ranging from mild symptoms to septic shock. The incidence of sepsis was estimated to be 240 cases per 100,000 people in the United State, and 300 cases of severe sepsis per 100,000 people were reported. The mortality rates reported in previous studies ranged from 17.9% for sepsis to 28.6% for severe sepsis. 5 One study has demonstrated that, if a quantitative resuscitation strategy is applied to severe sepsis or septic shock patients at an early stage, there is a decrease in mortality; however, there is no effect on mortality if the strategy is applied at a later stage. 6 This means we can improve the effectiveness of the quantitative resuscitation strategy through early recognition and intervention. There are various methods for forecasting severity in sepsis patients, however it remains difficult to apply these methods without invasive procedures. [7] [8] [9] Inflammation makes an influence on autonomic nervous system and the change in autonomic nervous activity affects heart rate. Therefore, we studied whether the HRV test has a value as a severity index and a triage tool in sepsis patients.
Methods
This study was a prospective observational study performed for sepsis patients visiting the Korea University Hospital Emergency Department during one year. This study was approved by the institutional review board of our hospital (IRB No.: GR09176-002). The measurement of HRV was performed for septic patients except for pediatric patients less than 18 years of age and patients with a medical history of cardiac arrhythmias, diabetes, or -blocker treatment. The measurement of HRV was also performed for healthy volunteers as control group. We also ruled out patients whose reliability index was below 95% as displayed on the HRV measuring device and patients who were transferred to other hospitals.
Sepsis was defined as a systemic response to infection, manifested by the presence of two or more of the conditions of systemic inflammator y response syndrome (SIRS). When patients meeting sepsis criteria visited the emergency department (ED), we would place the patient in a bed for 5 minutes to stabilise them. After that, the measurements were taken using 曲線，以確定 HRV 變量是否可以用來分流膿毒症患者。結果：歸一化低頻乘方和 APACHE Ⅱ評分和 MEDS 評分之間的相關性，分別為 -0.595 和 -0.514 。低頻乘方( LF )和歸一化低頻乘方( LFnu )值 在膿毒症患者減少，在出院膿毒症患者和健康志願者中觀察到的分數較高。入院和出院群體的 LF 和 LFnu 值，曲線下面積分別為 0.746 和 0.635 ( p<0.05 )。結論：心率變異變量與膿毒症患者的嚴重程 度顯著相關。雖然單獨的 HRV 測試不能準確地預測膿毒症患者的處置，但在急診室分流制度之內它有 助於敗血症病人的病床分配，避免人口過度的集中。 Keywords: Emergency medical service, risk assessment, severity of illness index, triage 關鍵詞：緊急醫療服務、風險評估、病情嚴重程度指數、分流 a Canopy9 (Iembio, Wonju, South Korea), an instrument that measures heart rate variability using a short-term, frequency method. The same method was applied to healthy volunteers. This instrument consists of a probe, HRV measurement device and a computer with software that analyses and stores the results. HRV is measured simply by running a computer program after connecting probe to a finger. The probe is similar to the pulse oximeter used for blood oxygen saturation measurements and is attached to the patient's finger to measure the pulse for five minutes and the change in the R-R interval. These results were then used to reconstruct the power spectrum using fast Fourier transform through computer software. A result in the range of 0~0.05 Hz represented VLF, a result in a range of 0.05~0.15 Hz represented LF, and a result in the range of 0.15~0.4 Hz represented HF.
As the results of HRV measurement, we obtained data on TP, VLF, LF, HF, normalised low frequency power (LFnu), normalised high frequency power (HFnu), and proportions of HF and LF. Total power is equal to the sum of the LF, HF, and VLF components, and the values of LF and HF are affected by the value of the TP. Therefore, the values of LFnu and HFnu were adopted as an index for pure sympathetic and parasympathetic nervous activities, respectively. To exclude the impact of the TP and the VLF value, LFnu and HFnu were obtained using the following formulas: LFnu = LF/ (LF+HF) and HFnu = HF/ (LF+HF), respectively. The definition and criteria were set by the 1996 European Society of Cardiology and the Special Committee of North American Electric Physiological Society. 4 The results of LFnu, reflecting pure sympathetic activity, were compared to acute physiology and chronic health evaluation II (APACHE II) score and mortality in emergency department sepsis (MEDS) score for the value of severity index in sepsis patients.
Then, the studied patients were divided into four groups based on patient's disposition: group I included patients admitted to the intensive care unit (ICU) with severe sepsis; group II included patients admitted to the general ward with sepsis; group III included sepsis patients but were discharged within 24 hours after ED treatment; and group IV included healthy volunteers. The analysis included gender, age, body temperature, pulse rate, respiratory rate, blood pressure, and other data used for calculating APACHE II score and MEDS score. The averages for the HRV results were obtained in each group. Each group (except group IV) was then sorted into one of two groups based on either admission or discharge and the receiver operating characteristics (ROC) curve was examined to determine whether or not it could be used to triage sepsis patients.
Using SPSS 13.0 (SPSS Inc., Chicago, IL), we performed an ANOVA test and independent sample t test to analyse the average value and a post hoc test to analyse the differences among the average values of each group. The ROC curve was used to obtain the cut-off value between the admission and discharge group, and P e a r s o n ' s s i m p l e c o r r e l a t i o n c o e f f i c i e n t was used to obtain the correlation of HRV data with the APACHE II score and the MEDS score. We considered a p value of less than 0.05 to be statistically significant.
Results

Clinical data of patients (Table 1)
In total, 189 patients were included with 42 patients in group I; 71 in group II; 40 in group III; and 36 in group IV. Of the clinical data results, only age, respiratory rate, mean arterial pressure, white blood cell (WBC) count, platelet count, and bilirubin level were significantly different between the patient groups. We observed a statistically significant difference with a regular pattern of increase and decrease for respiratory rate, WBC count, and bilirubin level.
Correlations of HRV data with APACHE II score and MEDS score (Figure 1)
The correlation coefficients of LFnu value with APACHE II score and MEDS score were -0.595 (p<0.001) and -0.514 (p<0.001), respectively. HF and LF value had no significant correlations with APACHE II score and MEDS score. The mean APACHE II score was 12.25.7 (mean ± standard deviation [SD]), and the MEDS score was 4.6 ± 3.5 (meanSD). Figures 2 & 3) TP, LF, and HF increased in the order of groups I, II, III, and IV based on the results from the HRV measurements (p<0.05). While LFnu increased in order of groups I, II, III, and IV, HFnu decreased in the same order (p<0.05). However, there was no statistical significant difference between group I and II. The areas under the curve for the values of LF and LFnu in the admission and discharge groups (except group IV) were 0.746 and 0.635, respectively (p<0.05). The respective cut-off values were 4.0 (sensitivity: 71.1% and specificity: 70.8%) and 0.58 (sensitivity: 60.5% and specificity: 62.8%).
Measurement HRV data based on patients disposition (
Discussion
Since there were an increasing number of HRV studies and medical instruments for measuring HRV had been being commercialised, in 1996, the European Society of Cardiology and the Special Committee of North American Electric Physiological Society created a special committee to standardise the methods for HRV measurement and provided standards to define the relationship between HRV and pathophysiology. 4 LF: low frequency power; LFnu: normalised low frequency power; CI: confidence interval HRV can be measured using either the time domain method or frequency domain method, both of which measure changes in the QRS interval. The time domain method analyses the changes in the QRS interval over a 24-hour period using Holter monitoring and is convenient in terms of calculation. The frequency domain method was first introduced in 1981 by Akselrod, and it analyses the changes in the QRS interval for a specific period of time using fast Fourier transform. 1 The frequency domain method can quantify the activities of the sympathetic and parasympathetic nervous systems.
Febrile patients may present with varying symptoms, ranging from mild fever to severe sepsis. In the case of chronic and elderly patients, early diagnosis and treatment for sepsis are very important because the mortality rates in these populations are as high as 30-40%. 10 There has been research showing that goaldirected therapy within six hours of symptom onset, also known as the "golden hours," decreases the mortality rate by up to 16%. 11 Early recognition of severe sepsis may make it possible to provide septic patients with early treatment to improve prognosis.
Because the severity and prognosis in sepsis cannot be determined through a simple test, scoring systems such as the MEDS score or APACHE II score are used. Although the MEDS score and APACHE II score are used to determine severity, they have the disadvantage of being invasive, and results are not presented prompt at the bedside either. This study focused on the effectiveness of using HRV measurements for a severity index in early stages. One of various defense mechanisms in sepsis is a defense mechanism initiated by the autonomic nervous system, consisting of the sympathetic and parasympathetic nervous systems. When inflammatory stimuli convey information to the hypothalamus through sensory neurons, a rapid and involuntary anti-inflammatory response occurs. These anti-inflammatory responses are necessary to maintain homeostasis by obstructing inflammatory products from spreading to the circulator y system, the coordination and control of which are handled by the autonomic nervous system. 12 The HRV measurement is a method that uses the minute difference between consecutive heartbeats to quantify the autonomic nervous system activities of patients using frequency analysis methods.
A specific study done previously, by comparing patients with and without multiple organ failure, showed that the LF value is a useful predictor. Another study furthermore demonstrated a correlation between LFnu value and the APACHE II or SOFA score, by using HRV measurements of patients admitted with sepsis. [13] [14] [15] These studies, however, were only performed for patients who were admitted with sepsis. In contrast, our study included febrile patients who were discharged within 24 hours and healthy volunteers.
As shown in Figure 1 , the correlation coefficients of LFnu with APACHE II score and MEDS score were -0.595 and -0.514 (p<0.001), respectively. These results indicated that there was a relationship between severity of febrile patients and sympathetic activity in a degree. This is consistent with results from other studies which showed that LF and LFnu values were helpful in the prediction of sepsis severity. [13] [14] [15] These results suggest that application of the HRV test can help with the early prediction of severity when febrile patients visit the emergency department. In post hoc test results of groups I and II, however, neither LF nor LFnu values showed statistically significant differences in Figure 2 , possibly due to the fact that the sympathetic nervous system could be more highly activated to increase blood pressure due to the hypotensive tendencies of the patients in group I. Concerning the correlations of APACHE II score and MEDS with the values of LFnu in group I, we found out that the values of LFnu proportionally decreased as the APACHE II score and MEDS score increased.
In this study, we also focused on the possibility of the HRV test as a triage tool for sepsis patients. As shown in Figure 2 , the LF and LFnu values decreased in group I and group II. In addition, the HFnu values increased in group I and II (p<0.05). These results also showed that the sympathetic nervous activity appeared to decrease in severe cases. When drawing the ROC curve for the admission and discharge groups, the areas under the curve were 0.746 and 0.635 (p<0.05), respectively, and the cut-off values were 4.0 (sensitivity: 71.1% and specificity: 70.8%) and 0.58 (sensitivity: 60.5% and specificity: 62.8%), respectively (Figure 3 ). Although the HRV variables cannot predict the patients' disposition accurately, applying this method to sepsis patients helps to assign beds to sepsis patients in a measure, possibly resolving the issue of overpopulation of the ED.
For HRV measurements, we used the frequency analysis method with short term measurement, implemented with the use of a probe attached to a sensor. This probe was similar to the one used to monitor blood oxygen saturation. This method is very simple, easy to conduct, and the result can be acquired in five minutes. Also, the HRV test can be repeated without difficulty. Given the combination of the results of this research and the advantages above, we suggest that this method can be used to monitor patient prognosis in the emergency department as well as in the ICU.
Limitations
In acquiring the correlation coefficients of LFnu and HFnu values, there were no cases in which the APACHE II score was higher than 20 and MEDS score higher than 15. It was due to the inability to achieve a calm steady state for HRV measurement in these patients. Another disadvantage is that the HRV measurement result cannot be acquired from patients with certain conditions such as diabetes, arrhythmias, or from those taking blood pressure medication although many ED patients suffer from those conditions. In general, HRV values gradually decrease with age, but such physiologic HRV changes were not considered in this study.
Conclusions
The HRV test is a noninvasive bedside test that can be used to predict the severity of sepsis patient at an early stage. Although the HRV test alone cannot accurately predict the disposition of sepsis patients, in the ED setting, it helps to assign beds to sepsis patients within the triage system, and avoid over-population.
